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By using an appropriate anticode it is shown that the Johnson graph J(n, v) can contain an 
e-perfect subset only if v s (n - 1)(2e + 1)/e. 
la Introduction 
In his thesis Delsarte conjectured that the Johnson graph J(n, u) contains no 
nontrivial perfect subsets [l, p. 551. Recall that the vertex set V of the Johnson 
graph J(n, u) consists of all n-subsets of a fixed u-set, where ~5 2n, with two such 
n-subsets being adjacent if and only if their intersection has size n - 1. A 
collection C of such n-subsets is called an e-perfect subset in J(n, u) if the 
e-spheres S,(c), with c running through C, form a partition of V. There are some 
trivial perfect subsets: V itself is perfect (with e = 0); furthermore, for any cu E V, 
{a} is perfect (with e = n), and finally, if u= 2n and n is odd, any pair of disjoint 
n-subsets is e-perfect, with e = $(n - 1). 
Up till now no other perfect subsets in J(n, v) has been found. On the other 
hand only very partial nonexistence results are known. For a survey we refer to 
[31. 
In this note we restrict the region in which perfect subsets can occur considera- 
bly by showing that if J(n, v) contains an e-perfect subset, then 
2, < (n - 1)(2e + 1)/e. 
2. The anticode condition 
Let r be any distance regular graph with vertex set VT 
2.1. PropNion. Let X and Y be subsets of VT such that nonzero distances 
occurring between vertices of X do not occur between vertices of Y. Then 1x11 YI s 
WI- 
0012-365X/83/$3.00 0 1983, Elsevier Science Publishers B.V. (North-Holland) 
122 C. Roos 
This result was originally proved by Delsarte in [l] by using the duality theorem 
for linear programming; a much simpler proof is contained in [2], and also in [4]. 
2.2. DeMtion. A subset X of VT is called an anticode with diameter 6 if 6 is the 
maximum distance occurring between vertices of X. Anticodes with diameter 6 
having maximal size are called optimal anticodes. 
2.3. Theorem. Let there exist an e-perfect subset of VT. Then the e-spheres are 
optimal as anticodes with diameter 2e. 
Proof. Let X be an e-perfect subset of VT and let Y be any anticode with 
diameter 2e. Then X and Y satisfy the hypothesis of Proposition 2.1, obviously. 
Hence 1x11 Y] d IVrl. On the other hand, if S is any e-sphere, then 1x1 ISI = I W(, 
since X is e-perfect. So we have 1x1 IYj ~1x1 IS(, hence IYI GISI. Cl 
2.4. Application 
Let r be the Johnson graph J(n, ZJ). The size of an e-sphere equals 
i (y)(y). 
i=O 
Consider all n-subsets of a fixed v-set fi which intersect a given (n -2)-subset of 
0 in at least n - 1 - e points. These n-subsets of R form an anticode in .T(n, v) 
with diameter 2e. Its size is 
Hence, by Theorem 2.3, a necessary condition for the existence of an e-perfect 
subset in J(n, v) is 
The LHS can be reduced to 
e 
c 
i=O 
Thus we find that J(n, v) can contain an e-perfect subset only if 
This inequality can be rewritten simply 
verified easily. 0 
as v ~(n - 1)(2e + 1)/e, which may be 
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